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382 PHYSICS IOWA ACADEMY VoL. xxxr, 1924 
creased interest in the megaphone. Webster's theory may be 
modified to cover the case of the megaphone, assuming the con-
stancy of the acoustic point impedance of the horn at the source. 
The result obtained is that the emitted energies at different fre-
quencies are related as are the values of 
[(ad-b c)/(a-cz,)]2 
wherein a, b, c and d, have the values specified in Webster's 
theory 1 and z2=Qa
2k2 (ki/2n-1/c 0), k being 27r divided by wave 
length, p the density, a the velocity of sound and c0 the conducti-
vity of the opening. 
It is shown that this result is approximately correct even if the 
diameter is of the order of a wave length provided the rate of 
change of area along the axis is small. 
By the use of the Helmholtz reciprocal theorem it is now shown 
that the amplification of a receiving horn, with the impedance at 
the receiving end large, is proportional to this same value. It is 
further shown that the theory is quite exact for long wave lengths 
and is a fair approximation for wave lengths of the order of the 
diameter of the opening, particularly at frequencies where z2 
does not enter importantly into the value of the computed result. 
UNIVERSITY oF IowA. 
RAINBOW AND OTHER ATMOSPHERIC PHENOMENA 
F. MAY TUTTLE 
Perfectly well behaved rainbows are usually supposed to appear 
opposite the sun, following a shower; but they sometimes change 
their minds and appear elsewhere. 
During the past three years we have been jotting down a few 
notes and felt they might be of interest to other students of 
nature's wonderland. 
The first occurrence was a perfect rainbow in the zenith, March 
20, 1921, at 4 o'clock in the afternoon. It, of course, was reflected 
on a bank of dark gray clouds. 
August 15, 1922, L. F. Tibbetts of this city, witnessed an 
unusual occurrence when his attention was attracted to a rain-
bow reflected on the side of a house next door to the one where 
he was staying in vVaterloo, on Lafayette street, which runs 
approximately north and south. This was seen after a shower in 
the afternoon. 
Mrs. Ethel Lovejoy vVilson of Osage told me of a rainbow she 
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saw one day in July, 1923, that was reflected on her wet sidewalk 
following an afternoon shower. 
Another occurrence was a halo of prismatic colors surrounding 
the sun nearly overhead at 10 o'clock in the morning of July 6, 
1922. It was witnessed by H. 0. \Valsted, Earl Arsers and Clark 
Kugler of this city. 
The most beautiful illusion, though, was reported to me by 
Mrs. Charles Sweney, who saw one morning about 9 o'clock, 
June 16, 1921, the image of her little granddaughter, Esther 
Sweney, playing in a beam of sunlight that shone between two 
houses, fully twelve feet above the ground. Mrs. Sweney was 
sitting in an automobile across the street facing north towards her 
son's home, when suddenly she saw the form of her little grand-
daughter playing in the sunbeam that shone even with the second 
story windows. She had hardly time to realize the situation 
before the vision vanished as the little girl came running into view 
from the north side of the house. 
OsAGE, IowA. 
A SIMPLE METHOD OF DETERMINING HORIZONTAL 
INTENSITY OF THE EARTH'S MAGNETIC FIELD 
E. P. T. TYNDALL 
This method of determining the horizontal intensity of the earth's 
magnetic field depends on well known principles, which, however, 
do not seem to have been applied in exactly this fashion before. 
A magnet is suspended in a horizontal plane and allowed to 
vibrate under the joint influence of the earth's field and a known 
controlling field in the same direction and in either the same or 
opposite sense. The controlling field is that of two similar cir-
cular coils placed a distance apart equal to the radius (arrange-
ment of Gaugain and Helmholtz). The magnet is placed mid-
way between the coils of their axis. Its period is observed for 
several values of the known field, H 1 • If H 0 is the horizontal 
component of the earth's field, P the period, M the magnetic 
moment of the magnet and I its moment of inertia, then, neglect-
ing torsion of suspension and damping, 
41T2;p2 =HOM/I+ HlM/I 
The curve plotted with values of 4rr2 / P 2 as ordinates and values 
of H 1 as abscissas is a straight line of slope M /I and (negative) 
intercept on x axis equal to H 0 • This was checked by experiment. 
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